The compound 3,4-methylenedioxymethamphetamine (MDMA), more commonly known as ''Ecstasy'', is a well recognized but often an underappreciated drug of abuse. It is a synthetic derivative of amphetamine intended for use as an appetite suppressant when created in 1912. This never materialized and use was dormant until the 1970s, when reports surfaced on its use in psychoanalysis and as a recreational drug. 1 While similar to amphetamine, it has a methylenedioxy ring substitution and resembles the hallucinogen mescaline. Its abuse potential led to its classification as a scheduled I hallucinogen in 1985, by the Food and Drug Administration. It is no longer used for medicinal purposes, except in an investigational setting. 2 Its main effects of mood enhancement and euphoria have made it a favorite in dance clubs and ''rave'' parties. Reports place it just behind amphetamine compounds and ahead of cocaine in terms of its use in adults, with an estimated consumption of as many as 2 millions tablets weekly and over 28 million worldwide users 3, 4 (Figure 1 ). There are recent reports of its resurgent use in Europe and in the United States. 5 It is important to recognize that while ''Ecstasy'' usually refers to MDMA, there are several other street names for the compound including X, XTC, and Adam as well as a number of related compounds that differ chemically but have similar effects. There are over a dozen of these ''Ecstasy''-related compounds, with 3,4-methylenedioxyethamphetamine (MDEA or ''Eve'') and 3,4-methylenedioxyamphetamine (MDA or ''ice'') the most common. 6 While typically produced as a tablet, ''Ecstasy'' can also be found in capsule or powder form, and in addition to oral ingestion, other routes of administration include the inhalational, intranasal, intravenous, and subcutaneous routes. There is also no uniformity as to the amount of MDMA in any tablet but it is usually in the 30-to 150-mg range and often mixed with its sister agents (above) as well as other compounds such as amphetamine, methamphetamine, ketamine, caffeine, and acetaminophen. [7] [8] [9] Some drugs sold as ''Ecstasy'' may not contain any of the named agent. 6 As might be expected, ingestion results in a broad range of both desired and undesired effects. These varying doses and added ingredients also make it difficult to predict its toxicity, and ingestion of an excessive dose may be unintended. Estimates of death from first-time use range widely from 1 (0.05%) of 2000 to 1 (0.002%) of 50 000. 10 The typical death involved a young caucasian male and occurred predominantly on a weekend day (Saturday or Sunday). 11 The heterogeneity of the drug dose and tablet composition understandably results in sporadic presentations of severe toxicity and it often requires years to accumulate any substantial number of cases. 2, [12] [13] [14] Most reports involve a single case, rarely more than a handful of cases come to the attention of any one provider or group. Therefore, the report by Armenian et al provides a unique perspective on a fairly large number of cases associated with one event. 15 The authors were able to document the presence of MDMA in capsules available at the event, in what would be considered high-quality doses (>80 mg and >80% MDMA), and the presence of the agent in serum and urine toxicology. The drug was widely available at the event, with >800 pills confiscated by authorities. As would be expected, only those with the most severe toxicity came to attention and there were two deaths. There were an estimated 16 000 attendees, and while the numbers with MDMA use cannot be determined, if only 4000 used the drug, the mortality rate would fall within the past reported ranges.
Their series of 12 cases provide additional insight into severe toxicity and can be used as a guide for future cases. Past reports of severe toxicity have documented a wide array of complications including sudden death, cardiac tachyarrhythmias, pneumothorax, cerebral infarction, hyponatremia and cerebral edema, hepatic failure, and serotonin syndrome. 2, 6, 12, 14, 16 Hyperthermia, rhabdomyolysis, and acute kidney injury have also been prominently highlighted as part of the constellation of severe morbidity associated with MDMA. [17] [18] [19] [20] These generally reflect sporadic cases of toxicity so there is never an opportunity to appreciate what may occur with exposure in a large cohort of patients as in this report.
The authors were able to separate the dozen patients into two groups, one with severe morbidity including two deaths and those who recovered without much associated morbidity. The differences between the groups are striking and contribute to a profile that can be characterized as extreme hyperthermia and hypotension, with associated seizures, rhabdomyolysis, acute kidney injury, and associated metabolic and electrolyte disturbances. Multiorgan system dysfunction ensues and includes acute lung injury, acute respiratory distress syndrome (ARDS), hepatic injury, disseminated intravascular coagulation, and cardiac ischemia. The complexity of systemic toxicity makes it difficult to determine the exact sequence of events, but in a crowded environment with high ambient temperatures, hyperthermia is the likely inciting factor in the cascade of events leading to a hyperthermic crisis.
It is important to recognize that while severe toxicity is usually associated with ingestion of large amounts of the drug, severe toxicity can also occur after typical recreational doses of MDMA or may not occur even with high MDMA levels. 14, 21 There is a nonlinear aspect of MDMA pharmacokinetics in which small additional doses of drug can result in markedly elevated plasma levels. 22 It is well recognized that MDMA induces a serotonin syndrome which includes increased muscle tone and rigidity as part of the constellation of symptoms. It becomes apparent that hyperthermia can escalate because of external factors such as the warm, crowded environment of a ''rave'' party, in which dancing further promotes heat generation. 23, 24 Participants often ignore symptoms of thirst and fatigue to continue dancing, which predisposes to dehydration and exertional hyperthermia, with muscle injury causing rhabdomyolysis, all factors contribute to acute kidney injury and multiorgan system involvement. Seizures also add to muscle injury and hyperthermia. This clinical presentation is similar to that seen in patients with severe heat stroke or malignant hyperthermia, and treatment of severe MDMA toxicity is patterned after the treatment of those conditions which include dantrolene.
Extreme hyperthermia in MDMA toxicity defined as temperatures >42 C have been identified as a threshold that presages severe morbidity and mortality. 25 Temperatures <40 C seem to represent a threshold in which recovery is generally expected. This is borne out in this series where the average peak temperature in those with severe toxicity was 41.6 C and those who survived had an average temperature of 39.3 C. The group with more severe toxicity also had higher levels of muscle injury, hypoxemia, worsening renal function, acidosis, hyperkalemia, and tachycardia. When analyzing the treatment in these groups, the importance of prompt treatment of the hyperthermia becomes apparent. Cooling involved a wide range of cooling measures including dantrolene; and in comparing the time needed to reach 38.9 C, the time was almost twice as long in those with severe morbidity (based on my calculations of 3.37 hours vs 1.75 hours). This underscores the importance of aggressive cooling measures which is becoming more widespread as a treatment modality, given the experience with postcardiac arrest hypothermia. It is acknowledged that such analysis is tempered by its retrospective nature and the time to a goal temperature is as much a function of the amount of cooling required (temperature reduction) as the cooling method. Only external cooling devices were used, but there is increasing availability of intravascular devices which are more efficient in temperature reduction. It follows that the more time spent <39 C can only minimize the adverse of hyperthermia and end organ dysfunction. Cooling measures along with supportive care remain the cornerstones of therapy.
In summary, this report provides a little better understanding of MDMA toxicity and its treatment. The relatively large number of patients provides an opportunity to better define the syndrome of severe toxicity. In this series, toxicity was exacerbated by a combination of several factors including the availability of high-grade MDMA in a crowded, extremely warm venue. Rave parties are never general public knowledge, but recognition of hyperthermic crisis in a young person should trigger suspicion for MDMA ingestion and be an alert for additional cases as well as the need for prompt attention to treatment. Cooling measures may provide the key to minimizing excess morbidity and mortality, with a call to consider aggressive cooling using intravascular cooling devices. There also needs to be further education of MDMA users who incorrectly perceive this as a relatively ''safe'' drug. This is obviously not the case. Its toll of physical injury, cognitive impairment, and death is almost exclusively in adult users younger than 35 years, and this truly represents the tragedy of ''Ecstasy''.
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